In this paper a new method for solving the Poisson's equation with Dirichlet conditions on irregular domains is presented. For this purpose a generalized finite differences method is applied for numerical differentiation on irregular meshes. Three examples on cylindrical and spherical domains are considered. The numerical results are compared with analytical solution. These results show the performance and efficiency of the proposed method.
http://www.ispacs.com/journals/cna/2014/cna-00201/ International Scientific Publications and Consulting Services have been reserved to FEM, but that is relatively time-consuming. Recently the various techniques similar to FDM have been proposed to solve PDE's on irregular domains. Ames [8] presented the principal idea of using FDM to solve PDE's in irregular domains. Bueno-Orovio et al. [9] applied the spectral method to solve reaction-diffusion equation on irregular 2D domains. Li and Liu [10] proposed the main objective of the GFDM method which is to approximate the spatial derivatives for a differentiable function in terms of its values at some randomly distributed nodes. GFDM is often used in meshless methods which is suitable for any geometry of the domain. Priete et al. [11] used GFDM to solve an advection-diffusion equation on a cloud like mesh. Benito et al. [12] investigated the effects of weighting function for time dependent problems in GFDM. Gavete et al. [13] Improvement GFDM. Benito et al. [14] purposed an h-adaptive method in GFDM to avoid ill-condition. Then, Benito et al. [15] employed GFDM to solve parabolic and hyperbolic equations. Poplau et al. [16] applied a five points FDM to solve the Poisson's equation, for studying charge of particles in an accelerator. Izadian et al. [17] have proposed a five points GFDM to solve the Poisson's equation on irregular 2D domains. The aim of this paper is to generalize GFDM for solving the Poisson's equation on 3D irregular domains.
Description of method
Consider a 3D Poisson's equation on a 3D domain  , given as follows:
Where 3  , is a closed domain in 3 , not necessarily a cuboid,  is the boundary of  , f and g are the given functions defined on  and  , respectively.
Consider the following set of points
. By using generalization of partial derivatives introduced in [16, 17] , to solve (1) and (2) the partial derivatives are approximated as follows:
where ( ) 
, These simple system of linear equations can be solved by using the Cramer rule (for more details see [17] ). The correct selection of the set of 7 points is essential for well conditioning of these simple linear systems. The coefficient matrix is normally well conditioned if the set of selected points are not in the same plane. Numerical experiences show that it is preferable that at least two points of 7 points molecule situate on two different horizontal planes, above and below
( , , )
the internal points of h  , by replacing in (1), the following discretized equations are obtained:
where ( , , )
. Equation (5) 
The linear systems of equations (5) can be simplified as: f . If one uses the natural enumeration, and a will be a sparse band matrix. By solving (6), the vector V which contains, the approximate values of solution on internal mesh points, can be determined.
Numerical experiments
In this section the proposed generalized finite difference method, is applied to spherical domains and a domain limited to two cylinders, with the same axis, and two planes parallel with xoy plane. The numerical and analytical solution, are compared.
Example 1.
Consider the domain  in equation (1) ( , , ) u x y z x y z    . 
Conclusion and Discussion
The proposed GFDM, is applied to obtain numerical solution of the Poisson's equation on irregular domains, this numerical method is more complicated than standard FDM on cell domains, In particular the http://www.ispacs.com/journals/cna/2014/cna-00201/ International Scientific Publications and Consulting Services coefficient matrix of resulting linear system for determining the coefficients of derivatives is very sensible to 7 point molecules and can be ill-conditioned. But the possibility of choosing arbitrarily non-regular meshes, in this method, allows is a suitable tool to reconstruct the mesh and solve the problem. Thus the proposed method, using FDM and GFDM, is very suitable for solving PDE's in irregular domains. These numerical results for two irregular domains demonstrate the reliability and the performance of proposed method.
